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ABSTRACT 

As part of the Army's effort to use synthetic devices 
to improve training^ researchers evaluated a cap+dve helicopter 
attached to a ground effects machine. Experimental groups received 
varying amounts of pre-f light practice tasks designed to develop 
flight skills^ while control groups received no device training, 
student flight performance during the 85 hour primary helicopter 
training program provided criterion measures. Significant results 
included that: 1) the attrition from flight training for the 
experimental groups was lower; 2) experimental groups required less 
time to qualify for solo flight; 3) experimental groups received 
higher grades from flight instructors; 4) individual performance on 
the device correlated positively with subsequent flight training 
performance; and 5) the flight experience of the device instructor 
did not affect student flight performance. It was concluded that the 
device lowered student failures^ improved their , performance^ and 
served as a predictor of student flight proficiency levels. (PB) 
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1* This report describes training research conducted to explore the value 
of a captive helicopter attached to a ground effects machine as a synthetic 
flight training device for primary helicopter training. Performance on 
the device as a predictor of subsequent performance in the aircraft phase 
of training was also studied. 

2* Students were divided into two experimental groups receiving dif- 
fering hours of training on the device, and a control group receiving no 
device training. During subsequent flight training, the device-trained 
students performed better and fewer of them failed for reasons of flight 
deficiency. It was also found that performance during flight training 
was predictable from performance on the device* 

3. This report should be of interest to personnel involved in synthetic 
devices for aviation training, to personnel in Army aviation training, 
and to those interested in methods of training* 
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FOREWORD 



The overall objectives of Work Unit ECHO are to survey and evaluate 
current synthetic flight training in Army aviation; to determine experimentally 
the value of selected flight training devices; and to establish guidance for the 
development and effective utilization of fli^t training devices in present and 
future aviation training curricula. Activities directed toward these objectives 
were begun by the Human Resources Research Office in FY 1964 at Fort 
Rucker, Alabama. 

In Sub-Unit 1, a survey was conducted of synthetic fli^t training equipment'^ 
and practices at the U.S. Army Aviation School and at aviation field units within 
the continental United States. Research conducted under Sub-Unit II is described 
in this Technical Report. Additional research under Sub-Units III and IV is con- 
cerned with the optimum utilization of present synthetic flight training devices 
and the optimum design and utilization of future devices. 

Sub-Unit II reports include "Reduction of Helicopter Pilot Attrition Through 
Synthetic Contact Flight Training," presented at the American Psychological 
Association convention, September, 1965; Changes in Flight Trainee Performance 
Following Synthetic Helicopter Flight Training , HumRRO Pn-fessional Paperl-66, 
April, 1966; and Helicopter Trainee Performance Following Synthetic Flight 
Training , HumRRO Professional Paper 7-66, November, 11*6€. This Technical 
Report supersedes an interim report of the results of this research delivered 
to the U.S. Continental Army Command and to the U.S. Army Primary Helicopter 
School in May, 1965. 

The ECHO research is being performed by HumRRO Division No. 6 (Aviation), 
Fort Rucker, Alabama. The Director of Research is Dr. Wallace W. Prophet; 
Dr. Paul W. Caro, Jr. is the Work Unit Leader. 

Military support for the study was provided by the U.S. Army Aviation 
Human Research Unit, Fort Rucker, Alabama. MAJ Donald J. Haid was the 
Unit Chief during the initial stages of the research, and secured the necessary 
support. LTC Berkeley D. More was the Unit Chief during the latter stages of 
the research. 

In addition. Dr. Wiley R. Boyles, Mr. John O. Duffy, Mr. Warren P. Pauley, 
SP 4 Daryl R. Fisher, SP 4 Edgar Harmon, and SP 4 Richard C. Moore made 
significant contributions to the research effort. 

The cooperation of commanders, directors, and personnel of the U.S. Army 
Aviation School, U.S. Army Primary Helicopter School, and Southern Airways 
Company of Texas, Inc., was of great value in the conduct of this research. 

HumRRO research for the Department of the Army is conducted under 
Contract DA 44-188-ARO-2 and Army Project 2J024701A712 01, Training, 
Motivation, Leadership Research. 



Meredith P Crawford 
Director 

Human Resources Research Office 



SUMMARY AND CONCLUSIONS 



Military Problem 

Recent expansion of Army aviation and the emphasis on helicopter operations have increased 
the load on the Army's rotary wing training capability. These aviator training requirements have 
increased the need to study concepts and techniques that reasonably may be expected to improve 
the efficiency of rotary wing training. Synthetic flight training devices have been found useful in 
fixed wing training programs, and, although there have been relatively few applications of such 
equipment to rotary wing training problems, similar benefits might be expected to accrue from 
rotary winj applications. 

Since most rotary wing flight training is contact flight training, the emphasis in this research 
was placed on the early, contact phase of rotary wing training; certain unique device concepts 
appropriate for rotary wing contact flight training were studied.. 



Research Procedures 

A synthetic flight training device consisting of a captive helicopter attached to a ground 
effects machine was selected as a research vehicle. It embodied design concepts typical of 
several recently developed types of devices that appeared to be potentially useful in a rotary wing 
contact flight training program. 

Two experimental programs of instruction were developed for the device, and these pro- 
grams were administered to two groups of 33 Warrant Officer Candidates each during the p:eflight 
training phase of the Warrant Officer Rotary Wing Aviator Course. Two control groups received 
no device training. The experimental training consisted of 3% and TA hours of practice on a 
progressively more difficult series of tasks designed to develop proficiency in the helicopter 
hovering maneuvers taught during early fHght training. 

Flight performance of the experimentally trained Warrant Officer Candidates and their control 
counterparts during the 85-hour fvimory helicopter training program provided the criterion measures 
for this research. 



Results 

The results indicated that: 

(1) About 10% of the experimentally trained groups were eliminated from flight training 
for reasons of flying deficiencies^ compared with about 30% for the control groups. The difference 
in attrition was statistically significant. 

(2) The experimentally trained groups required approximately two hours less of flight 
training in order to attain the f^oficiency required to solo the helicopter. The difference in time 
to solo was statistically significant. 

(3) During early flight training, the experimentally trained groups received higher grades 
from their flight instructors than did the control groups. The difference in flight grades was 
statistically significant. 

(4) Trainees who performed well on the experimental troining device tended to perform 
well during subsequent flight training. 

(5) Students trained by device instructors with varying levels of flight experience did 
equally well during subsequent flight training. 



Conclusions 

It was concluded that the use of a helicopter contact flight training device of the type used 
in this study could result in: 

(1) A significant reduction in rates of elimination from subsequent helicopter flight training. 

(2) Significant improvements in trainee performance early in flight training. 

(3) Prediction of proficiency level during subsequent helicopter flight training. 

It was also concluded that instructors employing devices such as the one used in this study 
need not be required to be proficient in the helicopter used for subsequent flight training. 
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The Captive Helicopter as a Training Devic 
Experimental Evaluation of a Concept 



INTRODUCTION 



Background 

The use of synthetic flight training devices in avaiator training programs 
has become a widely accepted practice in both military and civilian organiza- 
tions. The acceptance of such devices has been based on (a) apparent similarity 
to operational aircraft, as in the case of a commercial passenger jet simulator; 
(b) suitability for the presentation of part-task situations for stuSfeni pilots, as 
in the case of the Basic Instrument Trainer, Device 2B12A; or (c) the results of 
transfer of training studies (e.g., Flexman, Matheny, and Brown, 1). 

For the most part, however, the value of such devices to the Army has been 
found to be greatest in those programs of instruction and practice involving the 
procedural aspects of aircraft operation that are involved in instrument flight. 
An important factorthat has tended to limit syntnetic flight trainingto procedural 
type training has been the expense and relatively low fidelity of extra- cockpit 
visual attachments appropriate for simulated contact flight training. The use of 
synthetic flight training devices with very rudimentary extra-cockpit visual 
attachments for teaching contact flight skills to student aviators has had some 
success, but the devices typically used in elementary training programs have 
low "face validity" for contact flight training (2). 

Prior to this research, there were no operational or experimental synthetic 
flight training devices whose usefulness in rotary wing contact flight training 
programs had been objectively demonstrated. The state-of-the-art precluded 
the manufacture of an artificial visual display that would provide the cues 
believed desirable for contact flight training in the low-altitude, low-speed 
environment of the Army helicopter. 

The need to investigate new concepts that might provide synthetic flight 
training in rotary wing contact training programs is important because (a) the 
expansion of Army aviation has put the greatest student load on the rotary wing 
flight training program; (b) rotary wing trainee attrition has been high, and train- 
ing students who are later eliminated because they failed to learn to control the 
aircraft is an expensive burden on the Army's training resources; and (c) most 
rotary wing flight training is contact flight training. 

Several recently developed devices operate in the real-world, out-of-doors 
environment of the helicof er, thereby obviating the requirement for an artifical 
visual display. The uniqu- design concepts employed in these devices are those of 
a real or simulated helicopter "attached" to the ground by means of a mechanism 
that allows the trainee to operate in a real-world environment and to experience the 
visual, auditory, and kinesthetic sensations of flight— without becoming airborne. 

One of these devices, the Whirlymite Helicopter Trainer, Model DHT-1,* 
was selected as a vehicle for research into the usefulness of such devices in 

*Thc Whirlymite Helicopter Trainer, manufactured by Del Mar Engineering Laboratories, Los Angeles, 
California, is identified in this Teebnieal Report for purposes of researeb doeumentation, and its use or 
citation does not constitute an official endorsement or approval by eitbcr tbc Human Resources Researeb 
Office or tbe Department of tbe Army. 



the Army's rotary wing contact flight training program. The basis for the 
selection of this particular device was that the skills involved in its operation 
appeared, on a priori grounds, to be more like the skills involved in flying the 
primary training aircraft than were the skills involved in the operation of any 
other available synthetic device. This device, in fact, is a light helicopter 
operating in a captive mode. 



A Whirlymite Helicopter Trainer 
"In Flight" 




Fiqure 1 



The Whirlymite 
Helicopter Trainer is 
pictured in Figure 1. It 
consists of a small, one- 
man helicopter attached 
to an independently 
powered Del Mar Ground 
Effects Machine, Model 
GET-1, by an articulated 
linkage assembly. This 
configuration allows the 
captive helicopter to 
translate with minimum 
friction in all directions, 
to climb to a hovering 
altitude, and to rotate 
(within limits) about all 
axes of helicopter flight. 
A novice is able to use 
this device to practice 
contact flight maneuvers 
which, at his proficiency 
level, would be unsafe 
in an aircraft. 



Objectives 



In view of the possible contribution of synthetic trainers like the Whirlymite 
Helicopter Trainer to a contact flight training program, a research project was 
undertaken with the following primary objectives: (a) to determine the training 
value of the captive helicopter device concept in Army rotary wing contact flight 
training, and (b) to determine whether performance on such a captive helicopter 
device prior to actual flight training could be used to predict subsequent student 
performance in the aircraft. 

It was, hypothesized that any transfer of training from a synthetic device to 
the flight training situation would lead to improvements in student performance 
during flight training, and indirectly to a reduction in the rate of attrition attrib- 
utable to unsuccessful flight performance. Further, the identification prior to 
flight training of students who ultimately will fail could reduce the amount of 
training expended on such students and would, therefore, result in more efficient 
utilization of training resources. 

A secondary objective of the research was to determine whether instructors 
using such devices should be required to meet the same aeronautical skill and 
experience levels as flight instructors. Traditionally, training device instruc- 
tors in Army aviation programs are not required to be qualified pilots. The use 
of a real helicopter as a training device, as was the case in the present research, 
might place demands on the device instructor that could be met only through 
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extensive aeronautical training. A lesser requirement, on the other hand, could 
result in the use of less skilled and, const quently, more readily available personnel. 

Overview 

The research activities were divided into two parts. During the first part, 
information was gathered concerning the rate and manner in which students 
acquired skills in the operation of the synthetic device. This information formed 
the basis for the development of experimental device training programs that 
were tested later. Methods of quantifying trainee performance on the device 
were also developed. These initial research activities were conducted at the 
U.S. Army Aviation School (USAAVNS), Fort Rucker, Alabama, during the third 
and fourth quarters of FY 1964, 

During the second part of the research, the experimental programs of 
instruction (POIs) developed during the first phase were administered to 
selected Warrant Officer Candidates (WOCs) during the Warrant Officer 
Indoctrination Training (WOIT) phase of the Warrant Officer Rotary Wing 
Aviator Course (WORWAC). The second part of the research was conducted 
at U.S. Army Primary Helicopter School (USAPHS), Fort Wolters, Texas, dur- 
ing the first and second .quarters of FY 1965. 

Following successful completion of WOIT, WOCs involved in the research 
underwent Army rotary wing aviator training with other members of their 
WORWAC classes. This flight training, which began at USAPHS and continued 
through Advanced phases at USAAVNS, was completed during the first quarter 
of FY 1966. 

At the conclusion of the flight training at USAPHS and USAAVNS, information 
was obtained from the records of the trainees involved in this research. This 
information— which concerned the performance of trainees during flight trainings 
and the data obtained during the experimental training on the device during WOIT 
were analyzed to obtain answers to the questions raised by the stated objectives 
of this research. 

The Warrant Officer Rotary Wing Aviator Course 

At the time of this study, the WORWAC consisted of a four-week Warrant 
Officer Indoctrination Training Program (WOIT) and a 12 -week Primary flight 
training program at USAPHS, in addition to 20 weeks of Advanced flight training 
at USAAVNS. During the four-week WOIT, WOCs were indoctrinated in the 
duties of a Warrant Officer, since upon graduation from WORWAC, they would 
be awarded a Warrant in the United States Army. The nature of WOIT was 
similar to that of OCS training. Its content was independent of subsequent 
flight training, and no flight-related subjects were taught during this four-week 
preflight phase.' 

Following successful completion of WOIT, a WOC went immediately into a 
12-week Primary helicopter flight training program. The POI required 85 
hours of inflight dual instruction and solo practice as well as classroom train- 
ing in subject matter related to flight performance. WOCs meeting the require- 
ments of this training proceed to USAAVNS for Advanced flight training. 

'Subsequent to this research, the content of WOIT was modified to include training intended to assist the 
WOC in adapting to the fli^t environment. Changes were made to the WORWAC also, but they consisted pri- 
marily of adding focr weeks of flight training (previously included in Advanced phases at Fan Rucker) to the 
Primary phase at Fort Wolters. 



Criterion measures described in this report were based on WOC performance 
during the 12 -week flight training program at USAPHS. 

The 12-week Primary flight training program is divided mto three phases, 
each of which is terminated by an evaluation of the trainee's performance— a 
checkride. Upon successfully completing his checkride, the trainee progresses 
to the next stage of training. The Pre-Solo checkride is given when the WOC's 
flight instructor judges him to be "safe to solo" the helicopter and is the last 
flight of the Pre-Solo Phase of training. The Primary checkride is given when 
the WOC's flight instructor judges him proficient in the performance of flight 
maneuvers taught during the Primary Phase— the block of instruction and 
practice approximately 40 hours long that follows the first solo flight. The 
Basic checkride terminates the Basic Phase of training and covers maneuvers 
taught after satisfactory performance on the Primary checkride. A WOC able 
to pass the Basic checkride has met the objectives of Primary helicopter flight 
training and proceeds to Advanced training phases at USAAVNS. 



METHOD 

Subjects 

The WOCs participating in this study were enrolled in three consecutive 
FY 1965 WORWAC classes-65-1 W, 65-2W, and65-3W.' Approximately 90% 
of the WOCs in these classes were enlisted personnel who had voluntefjred for 
flight training or were enlisted under' the provisions of AR 6 01-108, Warrant 
Officers Flight Training Option, specifically for Army flight training.. The other 
10%, also enlisted personnel, were volunteers from Reserve or National Guard units. 

WOCs are not typical of the Army enlisted population. The procedures used 
in their selection have been described by Kaplan (3). WOCs are above average 
in ability and aptitude, and they are considered by USAPHS personnel to he highly 
motivated to become both Warrant Officers and pilots. 

At the beginning of each of the three classes involved in this study, 44 WOCs 
were selected randomly from Flight A, and 11 each were assigned to two experi- 
mental and two control groups. Flight A consisted roughly of the first half of 
the alphabetical r'-.ster of the members of each class. The only restriction 
placed on the sample was that each group consist of equal numbers of WOCs 
from each class. Each of the four experimental and control groups, therefore, 
contained 33 WOCs, 11 from each of the three classes, for a total N of 132. 

Experimental Design 

The research described here was based on two overlapping experimental 
designs. The first was a 4 x3 analysis of variance, where the experimental 
variables consisted of Training Condition (two experimental and two control 
groups) and Class (three WORWAC classes). The second design was a 3 x3 x2 
analysis of variance, where the experimental variables were Instructor (three 
experience levels). Class (three WORWAC classes), and Training Condition 
(two experimental groups). The data from these two overlapping designs could 

^During the course of this study, WORWAC class designations were changed by USAPHS. The designa- 
tion 65-lW was unchanged; 65-2W remained the same for the WOIT Phase but was changed to 65-3W for the 
Flight Phase; 65-3W was changed to 65-3WP for the WOIT Phase and 65-4WF for the Flight Phase. The 
original designations will be used in this report. 
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not be treated as a single three- classification analysis of variance because the 
instructor variable did not apply to the two control groups, as indicated below. 

Training Condition 

Experimental Groups. Two experimental groups, designated A and 
B, received training on the device. Group A received a mean of 3 hours 17 min- 
utes (range: 3:02—3:43) of training time spaced over 4 or 5 training periods of 
up to 1 hour in duration; Group B received a mean of 7 hours 13 minutes 
(range: 7:00—7:36)' spaced over 9 to 11 training periods of similar duration. 
The first 3V4 hours of training received by Group B were the same as those 
received by Group A. Group B WOCs continued to practice the same taskr 
beyond the 3 V4 -hour level, and also practiced two precision control maneuvers 
not practiced by Group A WOCs. 

Control Groups . Two control groups received no training on the synthetic 
device, and they constituted the third value for the amount-of-training variable. 
Members of the two experimental groups missed portions of the four weeks of 
WOIT in order to participate in this research. To determine whether missing 
this OCS-type training itself might affect subsequent performance at the School, 
a control group. Group C, was treated administratively like experimental 
Group A. For each member of Group A, a counterpart member was assigned in 
Group C. When members of Group A were removed from WOIT for training on 
the device, counterparts from Group C also were removed from that program 
and were allowed to engage in activities of their own choosing. 

A second control group. Group C, was not identified to USAPHS 
personnel. This group was to serve as a hidden control to detect possible 
special treatment of WOCs engaged in this research. 

Instructors 

All device training was conducted by three civilian HumRRO research 
staff members trained (i.e., standardized) in the administration of the experi- 
mental programs of instruction (POI). These instructors represented three 
levels of proficiency in the operation of a helicopter: Instructor 1 was an FAA- 
rated rotary wing instructor, an ex-Army aviator with several thousand hours 
of military Instructor Pilot time; Instructor 2 held an FAA private pilot rating 
and was a recent graduate of the Officer Rotary Wing Qualification Course 
offered atlhe USAPHS; Instructor 3 had no aeronautical background other than 
approximately 15 hours of dual instruction in a single rotor helicopter. 

Each instructor was thoroughly familiar with the operation of the device 
used in this research and had participated in the development of the POI. An 
assistant was assigned to each instructor to record the data described in subse- 
quent sections of this report. The assistant did not engage directly in instruc- 
tional activities. 

Class 

Previous experience with WORWAC classes had suggested that signifi- 
cant differences existed among groups of flight instructors in terms of such 

'Means and ranges of training time here exclude six WOCs who were eliminated from the course during 
the four-week WOIT and consequently received no flight training. The reasons for elimination during WOIT 
are discussed in the section on device training. 



factors as mean daily flight grade assigned and requirements for clearance for 
solo fli^t. For this reason, it was decided that three separate classes (and 
consequently three separate groups of flight instructors) would be used in 
this study. 

Where statistically significant differences among classes were found 
in the present study, and in the absence of significant interaction effects, such 
differences were attributable to the previously noted difference among groups 
of flight instructors or other variations in flight training practices. Thus, the 
introduction of the Class variable in this research was a means of reducing 
the statistical variance that might otherwise contribute to a less precise 
measure of the effects of the Training Condition and Instructor variables. Sig- 
nificant differences among classes in performance on the training device during 
WOIT were not anticipated, since each class was treated uniformly with respect 
to the experimental and control conditions. 

Device Training 

The experimental training on the device, which was administered entirely 
during WOIT, was designed to take advantage of the stimulus and -response 
similarity of the device and the primary training helicopter, the OH-23D. The 
device -training was more like the earlier or Pre-Solo Phase of fli^t training, 
where WOCs initially learned to control the vehicle, than like the latter phase, 
where they concentrated on iperational helicopter maneuvers such as maximum 
performance takeoffs and confined area operations. The device training con- 
sisted of hovering over a spot; turns; forward, backward, and lateral flight; and 
take-off to and landing from a hover. 

The experimental device POI was designed (on a priori basis) to permit 
the trainee to advance from one skill level to the next entirely on the basis of 
his own proficiency on the device. Criteria were adopted defining acceptable 
performance on each task, and, after satisfying these criteria, the trainee was 
introduced to the next task. Each succeeding task required the development of 
a greater degree of device control skill. The criteria for advancenient from one 
task to another were objectively defined measures of performance that were 
readily observable and scorable, for example, time on (off) target, errors per 
unit of time, and errors per trial. The primary instructional technique was that 
of behavior shaping,* using verbal feedback from the instructor (via radio) to 
augment the feedback intrinsic to the task of learning to operate the device.; An 
outline of the POI for thie device training and the criteria of performance for 
each task are given in Appendix A. 

Fifteen WOCs were eliminated during WOIT, the period during which the 
experimental training program was administered: one from Group A, five from 
Group B, four from Group C, and five from Group C. Reasons for these elimi- 
nations included medical defects, discipline, and academic failure, but no WOC 
was eliminated for reasons related to performance on the device. Fisher Exact 

Mn behavior shaping, an instructor differentially reinforces successive approximation to a final 
form of behavior. In the present instance, only trainee behavior that was progressively more desirable 
was reinforced-with praise and encouragement from the instructor. For example, a trainee who moved 
the controls in the proper direction intttalty would be reinforced for doing so* '''hen, only responses in 
the proper direction and of approximately the correct magnitude would be relnf* ^ed. Finally, through suc- 
cessive approximation, he would be reinforced for successively more exact control manipulations until the 
desired skill was acquired. 



Probability Tests indicated that differences between groups in number of pi'e- 
flight eliminations were not statistically significant/ 

Performance Criteria 

Following successful completion of WOIT, the experimental and control 
group members underwent Primary rotary wing flight training with the other 
members of their classes. Performance during that flight training constituted 
the criterion by which the value of the experimental device training was evaluated. 
Ten measures of flight performance were used as the principal dependent 
variables in this research: pass-fail; instructor-assigned grades during each 
of the three phases of training; checkpilot-assigned grades on each of the three 
end-of-phase checkrides; and the cumulative flight time to each checkride. 
These measures were obtained from the flight records of the experimental and 
control group WOCs upon completion of the first 12 weeks of flight training at 
the USAPHS. 

The conduct of this study did not require any changes in the flight portion 
of the WORWAC, and the flight training of WOCs involved in this study did not 
differ from that of their fellow class members. Fli^t training and performance 
evaluation, as well as assignment to flight instructors and evaluation personnel, 
followed procedures that were routine at USAPHS and were unrelated to this 
research. The relative performance of experimental WOCs on the training 
device was not known to USAPHS personnel. Although no attempt was made to 
conceal the identity of members of Groups A, B, and C, no emphasis was 
placed on their role in the research. Personnel at USAPHS remained unaware 
of the existence and identity of Group C throughout the study. 



RESULTS 

Training Value of the Device Concepts 

The first objective of this research, to determine the training value of the 
captive helicopter device concept in Army rotary wing contact training, was 
met by determining how the performance of the experimentally trained groups 
of WOCs compared with that of the control groups. The data involved in this 
analysis consisted of pass vs. fail— the number of WOCs in each group eliminated 
frc ti training because of flight deficiencies; time to checkride— the cumulative 
amount of inflight training required to pass each of the three checkrides described 
above; and flight grades— the mean daily grades assigned by flight instructors 
during each phase of training, and the grades assigned by checkpilots on each of 
the three checkrides.^ 

Elimination From Flight Training 

The eliminations that occurred among experimental and control groups 
during flight training are reported in Table 1. The figures in the column headed 
"Number Entering Flight Training" were obtained by subtracting the preflight 

'The p<.05 level was used as the criterion for statistical significance throughout this report. 

'Similar measures of flight performance were also available during the Advanced Phase of training at 
USAAVNS. No statistically significant differences occurred among any of the experimental or control groups 
on these Advanced training measures. The data presented in this report, therefore, are limited to measures 
describing the earlier flight training phases* 



eliminations from 33 — 
the number in each 
group at the beginning 
of the study. The "Total" 
column includes all 
WOCs who entered flight 
training but failed to 
graduate. The "Flying 
Deficiency" column 
includes only those WOCs 
eliminated by Faculty 
Board action for unsat- 
isfactory flying per- 
formance. The "Other" 
column is the difference 
between the two preceding columns and would account for eliminations due to 
academic failures, disciplinary problems, medical problems— that is, all reasons 
except. flying deficiency. For ease of comparison, the percentages correspond- 
ing to the various frequencies are also shown. 

Fisher Exact Probability Tests were performed on the data in Table 1; 
none of the differences between Groups A and B and between Groups C and C' 
in number of eliminations for Flying Deficiency, Other, or Total reasons was 
significant. The difference in number of eliminations for flying deficiency 
between the combined experimental Groups (A+B), ♦where 6 (10%) were elimi- 
nated, and the combined control groups (C+C'), where 17 (30%) were eliminated, 
was statistically significant (£<.01). The difference between the combined 
experimental and the combined control groups in Total eliminations was also 
significant, but this may be attributed to the difference in Flying Deficiency 
eliminations, since the corresponding difference in Other eliminations was 
not significant. 

Time to Checkride 

The cumulative fli^t time required to reach the three end-of-phase 
checkrides was obtained from each WOCs flight record. The mean cumulative 
time in hours and minutes to the Pre -Solo, Primary, and Basic chec.krides for 
each group by class is shown in Table 2. Group A soloed after approximately 
12 hours and 40 minutes of dual instruction. Group B after 13 hours and 25 min- 
utes. Group C after 15 hours and 16 minutes, and Group C' after 14 hours and 
43 minutes. 

Table 3 is the summary table for the Training Condition by Class 
analysis of variance for the time to Pre-Solo checkride data summarized in 
Table 2. The F ratio for Training Condition was significant in this analysis. 
Similar analyses of time to the Primary checkride and time to the Basic check- 
ride did not yield significant differences, and summary tables are not presented 
for them. 

The significant Training Condition F in Table 3 resulted primarily 
from the difference between the means of the combined experimental and the 
combined control groups. This was determined by a comparison of the means 
of 13 hours for Groups A+B combined, and 15 hours for Groups C+C combined, 
using the S- Method (4) and the .05 level of significance. The smaller mean 
differences between the two experimental groups and between the two control 
groups were determined by similar analyses not to be significant. 



Toble 1 

Elimination by Group During Primary Flight Training 



Group 


Number 
Entering 

Flight 
Training 


Eliminations 


Total 


Flying Defieieney 


Other 


Number 


Pereent 


Number 


Pereent 


Number 


Pereent 


A 


32 


5 


16 


2 


6 


3 


9 


B 


28 


5 


18 


4 


14 


1 


4 


C 


29 


11 


38 


8 


28 


3 


10 


c 


28 


10 


36 


9 


32 


1 


4 


A + B 


60 


10 


17 


6 


10 


4 


7 


C+C 


57 


21 


37 


17 


30 


4 


7 



10 



Table 2 



Mean Total Flight Time to Each Checkride by Group and Class 





CI<iss 


Prc-Solo 


Primary 


Basic 


Croup 


iV 


Mean 


Standard 
Dcvjaiion 


A' 


Mean 


Standard 
Deviation 


i\ 


Mean 


Standard 
Deviation 


- 


1 


10 


12:28 


1:57 


8 


58:30 


3:10 


8 


85:59 


5:47 


A 


2 


10 


14:08 


2:25 


10 


57:45 


3:42 


10 


83:34 


2:40 


3 


9 


11:15 


2:11 


9 


58:06 


4:49 


9 


81:35 


6:53 




Total 


29 


12:40 


2:25 


27 


58:01 


3:46 


27 


83:37 


5:24 




1 


8 


12:54 


1:56 


7 


57:57 


3:1^ 


7 


79:42 


2:16 


B 


2 


9 


14:21 


4:22 


8 


56:59 


4:30 


8 


83:40 


5:31 


3 


8 


12:52 


3:22 


8 


62:12 


4:52 


8 


84:18 


3:55 




Total 


25 


13^5 


3:21 


23 


59:05 


4:44 


23 


82:41 


4:29 




1 


6 


14:22 


2:38 


5 


58:24 


2:23 


5 


81:50 


7:41 


C 


2 


7 


17:21 


4:24 


6 


60:57 


3:51 


6 


81:30 


5:07 


3 


8 


14:08 


5:13 


V 


59:01 


3:06 


7 


81:12 


3:40 




Total 


21 


15:16 


4:24 


18 


59:29 


3:12 


18 


81:29 


5:07 




1 


4 


1 1:22 


2:06 


4 


53:35 


4:08 


4 


80:30 


2:09 


C 


2 


9 


16:35 


2:19 


8 


58:51 


4:22 


8 


84:57 


5:10 


3 


8 


14:18 


2:44 


7 . 


60:44 


5:06 


6 


81:41 


2:12 




lotal 


21 


14:43 


3:03 


19 


58:26 


5:09 


18 


82:52 


4:08 



The significant F ratio for Class reported in Table 3 reflects the pre- 
viously noted variation in flight training across classes and is unrelated to the 
experimental device training under consideration. The F ratio for Class also 
was significant in the analysis of variance of the flight time to the Primary 
checkride data summarized in Table 2.* 

Grades Table 3 

Daily Grades . Daily grades Analysis of Variance of Time 
were assigned by each WOC's to the Pre-Solo Checkride 
instructor and had four values: , , , , 



U (unsatisfactory, that is, fail). 


Source 




MS 


F 


P 


BA (below average), A (average). 


Condition 


3 


104225 


2.92 


<.05 


and AA (above average). Table 4 


Class 


2 


256529 


7.19 


<.01 


presents the means of instructor- 


Class by Condition 


6 


30585 


<1. 


NS 


assigned daily grades received by 


Within 


84 


35663 






members of each experimental and 


Total 


95 









control group during the Pre-Solo, 

Primary, and Basic Phases of flight 

training, respectively. The values of Table 4 were derived from a four-point 
scale that assigned four points for each AA grade received, three points for 
each A, two points for each BA, and one point for each U. The sums thus 
obtained were divided by the number of graded flights to derive a score for each 
woe during each phase of training, and the means and standard deviations of 
these scores by class are summarized in Table 4. Daily grades received by 

^Except where specific reference is made in the text to differences in measures of flight performance 
(including attrition) among classes, none of the differences was found to be significant at the .05 level. 
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Table 4 

Mean Daily Grades by Phase of Training, Group, and Class 







Prc-So!o 


Primary 


Basie 


Group 


Class 


N 


Mean ' 


Standard 
Deviation 




Mean 


Standard 
Deviation 


N 


Mean 


Standard 
Deviation 



A 



B 



C 



1 


10 


2.5 


.5 


8 


2.5 


.2 ' 


8 


2.5 


.3 


2 


10 


2.6 


.5 


10 


2.7 


.3 


10 


2.7 


.2 


3 


9 


3.0 


.4 


9 


2.9 


.2 


9 


3.0 


.4 


Total 


29 


2.7 


.5 


27 


2.7 


.2 


27 


2.7 


.3 


1 


8 


2.5 


.4 


7 


2S 


.3 


7 


2.7 


.4 


2 


9 


2.8 


.5 


8 


2.7 


.3 


8 


2.8 


.3 


3 


8 


2.7 


.3 


8 


2.7 


.4 


8 


2.8 


.4 


Total 


25 


2.7 


.4 


23 


2.6 


.3 


23 


2.8 


.3 


1 


6 


2.3 


.4 


5 


2.5 


.3 


5 


2.5 


.4 


2 ' 


7 


2.0 


.4 


6 


2.7 


.2 


6 


2.8 


.3 


3 


8 


• 2.6 


.4 


7 


2.7 


.2 


7 


2.9 


.2 


Total 


21 


2.3 


.4 


18 


2.6 


.2 


18 


2.8 


.4 


1 


4 


2.7 


.2 


4 


2.8 


.3 


4 


2.9 


•2 


2 


9 


2.3 


.4 


8 


_ 2.8 


.3 


8 


2.5 


.4 


3 


8 


2.4 


.5 


7 


2.6 


.3 


6 


2.9 


.2 


Total 


21 


2.4 


.4 


19 


2.6 


.3 


18 


2.7 


.4 



Tables 

Analysis of Variance of Mean Daily Grades 
During the Pre-Solo Phase 



WOCs eliminated during a phase are not included in means for that phase. These 
grades, as well as the checkride grades, also were obtained from the WOCs 
flight records. 

Table 5 is the summary table for the Training. Condition by Class 
analysis of variance for the Pre-Solo daily grade data summarized in Table 4. 
The F ratio for Training Condition was significant in this analysis (p<.01). 
Similar analyses of daily grades during the Primary and Basic Phases of flight 
training did not yield significant differences, and summary tables are not 
presented for them. 

The significant Train- 
ing Condition F in Table 5 resulted 
primarily from the differences 
between the combined experimental 
and the combined control groups. 
This was determined by a compari- 
son of the mean daily grades of 2.68 
for Groups A+B and 2.36 for Groups 
C+C, using the S-Method (4) and 
the .05 level. The smaller mean 
differences between experimental 
groups and between control groups 

were determined by similar analyses 

not to be significant. 
The significant F ratio for Class reported in Table 5 reflects the 
previously noted variations in flight training practices across classes and is 
unrelated to the treatments under consideration. The F ratio for Class also 
was significant in the analysis of variance of the mean daily grades during the 
Basic Phase of flight training data summarized in Table 4. 



Source 




MS 


F 


P 


Condition 


3 


.7174 


4.04 


<.01 


Class 


2 


.6426 


3.62 


<.05 


Class by Condition 


6 


.3806 


2.14 


NS 


Within 


84 


.1775 






Total 


95 









Checkride Grades . Checkride grades are assigned numerical values 
from 70 to 100, or, if the checkride is failed, a letter grade (U) is assigned. 
Except in the case of the Pre-Solo checkride, these grades are assigned by spe- 
cially trained checkpilots from an independent performance evaluation section 
at the Primary Helicopter School. The Pre-Solo checkride grades are assigned 
by each WOC's instructor or another instructor in the same training flight. 

The mean checkride grades for each group and class are shown in 
Table 6. In computing these values, U grades were assigned a value of 65, five 
points below the minimum passing score.' Training Condition by Class analyses 
of variance of these checkride grades yielded no significant F ratios for the 
treatment condition of amount of device training on either the instructor-evaluated 
Pre-Solo checkride or the Primary or Basic checkrides evaluated by the spe- 
cially trained checkpilots. 



Table 6 

Mean End-of-Phase Checkride Grades by Group and Class 







Pre-Solo 


Primary 


Basic 


Group 


Class 


N 


Mean 


Standard 
Deviation 


N 


Mean 


Standard 
Deviation 


N 


Mean 


Standard 
Deviation 



1 

2 
3 

Total 

1 
2 
3 

Total 

1 
2 
3 

Total 

1 

2 
3 

Total 



10 
10 
9 

29 

8 
9 
8 
25 

6 
7 
8 
21 

4 
9 
8 
21 



79.9 
80.3 
85.8 
81.9 

80.6 
79.7 
80.5 
80.2 

79.5 
80.0 
80.9 
80.2 

83.0 
78.2 
79.0 
79.4 



5.3 
6.5 
4.4 
6.0 

5.7 
6.5 
7.2 
6.2 

6.2 
4.2 
7.1 
5.8 

9.5 
4.7 
5.7 
6.1 



8 
10 

9 
27 

- 7 
8 
8 

23 

5 
6 
7 

18 

4 
8 
7 
19 



78.6 
77.6 
81.1 
79.1 

81.1 
81.1 
77.8 
80.0 

79.0 
80.2 
81.1 
80.2 

81.2 
79.4 
80.6 
80.2 



6.9 
5.1 
6.5 
6.1 

6.0 
7.5 
6.1 
6.5 

6.6 
5.7 
6.9 
6.1 

6.2 
6.0 
7.7 
6.4 



8 
10 

9 
27 

7 
8 
8 
23 

5 
6 
7 
18 

4 
8 
6 
18 



76.8 
80.3 
79.7 
79.0 

79.7 
82.0 
79.4 
80.4 

80.8 
78.3 
83.1 
80.9 

78.8 
78.5 
82.2 
79.8 



.9.0 
4.4 
6.8 
6.7 

5.2 
3.9 
5.1 
4.7 

8.1 
3.1 
7.1 
6.4 

7.1 
8.2 
2.6 
6.5 



Prediction 

The second objective of this research was todetermine whether performance 
on the device prior to actual flight training could be used to predict subsequent 
performance in the aircraft. To determine whether such predictions could be 
made, measures of performance on the training device were correlated with 
measures of performance during subsequent flight training. 

Predictor Variables 

The data recorded to describe WOC performance on the synthetic device 
are identified in the description of the device training program contained in 

*The choice of 65 as tlie numerical equivalent of a U grade was arbitrary; however, due to the small 
number of cases involved, it is not considered to have had any great effect on the values reported in Table 6- 
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Appendix A. Because little justification could be provided for rejecting any 
particular score that could be derived from these data, 50 such scores, which 
appeared to be reasonable and representative indices of performance at various 
levels of device training, were derived and considered as potential predictor 
variables. Descriptions of these 50 scores (or .predictors), identification of the 
measures from which they were derived, and an intercorrelation matrix of them 
are contained in Appendix B. In several instances these predictors are not 
independent measures of student performance. Predictor 10, z-Score' Cumula- 
tive Time to Tethered Tracking, for example, is related to the time scores 
identified as Predictors 1 and 3 through 9. 

Criterion Variables 

The 10 flight performance measures described in the section dealing 
with transfer of training served as the criterion variables in the determination 
of the predictive value of the device training. These measures were pass vs. 
fail, time to checkride, instructor-assigned daily grades, and checkpilot- 
assigned checkride grades. An intercorrelation matrix for the criterion vari- 
ables, excluding pass vs. fail,^ is presented in Table 7. 

It would appear from the intercorrelation matrix of these nine criterion 
variables that performance during the Pre-Solo stage of training correlates 
only moderately with performance during the Primary Phase and even less with 
performance during the Basic Phase of training. This would suggest that the 
skills involved in each of the three phases of training are moderately to markedly 
different, and students who do well early in training are not necessarily the 
students who do well in later phases of flight training. For example, the 



1 able 7 

Intercorrelatlons of Nine Flight Criterion Variables 



i 


Pre-Solo 


Primary 


Basic 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Pre-Solo 
Checkride Grade 
Mean Daily Grade 


-.59 

-.54 .61 






Primary 
Time to Criterion 
Checkride Grade 
Mean Daily Grade 


.40 -.29 -.32 
-.31 .18 .38 
-.51 .62 .61 


-.33 

-.34 .17 




Basic 
Time to Criterion 
Checkride Grade 
Mean Daily Grade 


.31 -.06 -.11 
-.22 .16 .25 
-.24 .35 .47 


.43 -.44 -.13 
-.34 .41 .02 
-.19 .28 .50 


-.37 

-.15 .23 



'A z-score is a type of standard score in which deviation of raw scores from the mean are expressed 
in terms of the standard deviation of the distribution. A distribution of z*scores has mean = Oi standard 
deviation =1. 

*The pass-fail variable was not included in the intercorrelation matrix because scores on the time 
to checkride and the checkride grade criteria were not available for WOCs who failed, and the instructor- 
assigned daily grades were available for a student only up to the time that he was eliminated. 
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correlation between the Pre-Solo Checkride Grades and the Basic Checkride 
Grades is low—only .16. On the other hand, there is moderate agreement 
between the Primary and the Basic Checkride Grades where £=.41.^ 

The three Time to Checkride measures reported in Table 7 reflect a 
similar pattern, although the correlations, which range from .31 to .43, are 
slightly higher. This may occur because they are part-whole relationships, 
that is, the time to the Basic Phase checkride includes the time required to meet 
the Pre-Solo and Primary Phase criteria.^ 

The Mean Daily Grade criterion appears to be the most consistent 
measure across Phases of Training. Instructor-assigned Pre-Solo grades corre- 
late .61 with those of Primary and .47 with those of Basic, and Primary Phase 
Daily Grades correlate .50 with those of the Basic Phase. The size of these 
correlations, however, is probably inflated by the fact that many students keep 
the same flight instructor throughout their flight training. 

Because of the relatively low relationships among criterion variables 
across (and within) phases of training, a single set of predictor variables would 
not be equally efficient with respect to all criteria of flight performance. For 
this reason, ,no attempt has been made to select a single criterion of flight per- 
formance. Rather, all 50 predictors were correlated with each criterion variable 
to see which, if any, device measures might be useful in predicting various cri- 
teria of performance during each phase of training and could therefore be con- 
sidered in future research. 

Prediction of Elimination From Flight Training 

Biserial correlation coefficients were computed between pass vs. fail 
and the 50 device training scores contained in Appendix B. Since only six WOCs 
were eliminated for flying deficiency, the pass-fail split involved in these 
biserial correlations is extreme. Consequently, although the correlations 
ranged from .00 for Predictor No. 26 to a high of -.90 for Predictor No. 43, 
none of these correlations was significant at the .05 level, and they are not 
reported here. The sampling error involved in such unequal splits of the pass 
vs. fail variable is too large, for the number of WOCs involved, for statistically 
significant results to be possible. 

Prediction of Performance Dur ing Flight Training * 

In order to determine whether performance- on the tethered device 
could be used to predict subsequent performance on the remaining nine criterion 
variables, product-moment correlation coefficients were computed between the 
variables and each of the 50 device scores identified in Appendix B. Appendix C 
contains a 50x9 matrix of these coefficients, with an indication of the number of 
WOCs involved in each. Only those WOCs who successfully completed Primary 
flight training are included. The values of the correlation coefficients contained 
in Appendix C ranged from .00 to ,62. 

Mt should be noted that the Primary and Basic checkrides were administered by specially trained check- 
pilots using a flight performance checklist, or Pilot Performance Description Record (PPDR), whereas the Pre- 
Solo checkrides typically were adminiatered hy the trainee's own instructor or other instructor from the same 
administrative flight. A description of the PPDR is given by Greer, Smith, and Hatfield (5), and it& use at 
USAPHS as a quality control device is reported by Duffy and Colgan (6)< 

^Because the variance of the Time to Basic distribution is, in part, made up of the variance present 
in the Time to Pre-Solo and Time to Primary distribution?, this fact alone may introduce some degree of 
positive correlation. 
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To determine which of the 50 predictor variables had the highest rela- 
tion to the flight performance measures, the coefficients reported in Appendix C 
were ranked separately for each criterion measure. The 10 (or 11 in cases of 
ties) predictor variables that correlated most highly with each of the nine cri- 
terion variables were selected for further examination and are identified in 
Table 8* Since the sign of the correlation was a function of the type of meas- 
urement taken— high time scores indicated poor performance whereas high grade 
.-.cores indicated good performance— the ranking of the predictor variables was 
without regard to sign. However, all of the relationships represented in Table 8 
are consistent with the pattern that "good" performance on the device will pre- 
dict "good" performance during subsequent flight training. 

The range of magnitude of the correlation coefficients between the pre- 
dictor variables and the nine criterion variables are also shown in Table 8. 
The value of the coefficients are shown for the first (highest) and tenth ranking 
variables. The highest relationship between any predictor and flight perform- 
ance, as represented by these coefficients, is with Mean Daily Grade at the Pre- 
Solo Phase of flight training. This coefficient is .62, which indicates a substantial 
relationship that could be used to predict relative class standing at that stage of 
training should such information be required. 

Toble 8 



Rank Order and Range of 10 Highest Correlations 
Between Flight Criteria and 50 Predictor Variables^ ^ 





Pre-Solo 


Primary 


Basic 


Item 


Time to 
Cherk- 
ridc 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


Time to 
Check- 
ride 


Check* 
Tide 
Grade 


Mean 
Daily 
Grade 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


Rank Order 






















1 


10 


6 


45 


10 


16 




6 


44 


41 


42 


2 


8 


10 


41 


8 


39 






45 


18 


45 


3 


6 


5 


10 


6 


17 




45j 


41 


43 


32 




4 


41 


8 


6 


41 


32 




10 


101 


" 


37 




5 


45 




42 


^- 


r 




4 


50 


17 


4 




6 


46 


.3 




50 


20 




1 


20 


42 


6 




7 


5 




a] 


5 


36 




33 


32 


44] 


40 




8 


4 


50 


44 


1 


12 




30 


36 


5oJ 


8 




9 


9 


451 


49 


45 


33 




11 


8 


45 


10 




10 


17 


47] 


1 


4 


31 
37 




8 


31 


14-1 
15] 


17 




Correlations 






















1st 


.60 


.52 


.62 


.44 


.38 




.47 


.44 


.48 


.52 


10th 


.34 


.32 


.42 


.24 


.28 




.33 


.20 


.33 


.38 



'Correlations were ranked, without regard to algebraic sign (+ or -) in order to show magnitude 
of relationship, regardless of direction. 

^'Numbers in the rank order section indicate predictor variable identification numbers; brackets 
indicate tied rankings. 



^The relatively small sample size necessitated reducing the number of predictor variables used in each 
multiple correlation. Although the selection procedures used in this instance may have exploited chance 
relationships, the approach represents the best available method to estimate what might have obtained 
given a large A^* 
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Multiple correlation provides a way to combine two or more variables 
to improve prediction of a criterion, prediction studies of the type reported here 
lend themselves to such techniques, since using multiple predictors typically 
yields a higher coefficient (indicating better prediction)thandoes using any of the 
individual variables it incorporates. 

To illustrate the utility of multiple correlational techniques for the 
prediction of class standing, multiple correlations were computed between the 
nine flight performance criterion variables (pass vs. fail was not included) and 
selected predictors from Table 8, The bases for the selection of the predictor 
variables for a particular multiple correlation were size of correlation and 
independence of measurement. For each of the criterion variables, all predictors 
from Table 8 that could be considered independent* measures of performance 
on the device (although they were not necessarily independent in the statistical 
sense, as indicated in Appendix B) were selected, and multiple correlation coeffi- 
cients were computed for each. Each multiple con elation was based on from 
four to seven predictors. The predictors used in each multiple, as well as the 
values of the individual coefficients and the N for each, are indicated in Table 9 



Table 9 



Predictors Used in the Computotion of Multiple Correlation Coefficients 



Criterion Variable 



Predictor 
Variable 
Number 



Pearson 

T 



Pre-Solo Phase 
Time to Checkride 



Checkride Grade 



Mean Daily Grade 



Primary Phase 
Time to Checkride 



Checkride Grade 



iV 



10 


.60 


48 


41 


.46 


23 


45 


-.40 


22 


46 


-.38 


23 


17 


.34 


45 


10 


-.50 


48 


11 


-.36 


50 


50 


.34 


22 


45 


.32 


22 


47 


-.32 


23 


45 


.62 


22 


41 


-.57 


23 


10 


-.53 


48 


49 


.44 


22 


10 


.44 


48 


41 


.35 


23 


44 


-.34 


22 


50 


-.33 


22 


16 


-.38 


45 


39 


-.38 


44 


32 


-.33 


44 


1 


-.30 


50 


12 


-.29 


48 



Criterion Variable 


Predictor 
Variable 
Number 


Pearson 

T 


iV 


Mean Daily Grade 


41 


-.46 


23 




45 


M 


22 




10 


-.42 






33 


-.37 


44 




11 


-.34 


50 


Basic Phase 








Time to Checkride 


44 


-.44 


22 




41 


.35 


23 




50 


-.25 


22 




10 


.24 


48 




20 


.23 


45 




32 


.22 


44 




36 


.22 


44 


Checkride Grade 


41 


-.48 


23 




18 


-.43 


45 




43 


-.42 


22 




50 


.36 


22 


Mean Daily Grade 


42 


-.52 


23 




45 


.44 


22 




32 


-.41 


44 




37 


-.41 


44 




10 


-.38 


48 




17 


-.38 


45 



*The predictors were derived from measures of performance on the device, and some measures were 
reflect. J in more than one predictor. Predictor 10, 2-Score Cumulative Time to Tethered Tracking, has been 
cited above as an example of a predictor that is not independent of certain other predictors. Predictors could 
not considered independent when they were derived in part from the same performance measure. 
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Because the N in the various predictor variables in Table 9 varied 
widely, Pearson correlation coefficients for the predictor variables were 
recomputed, using only those WOCs whose scores were available for all of the 
predictors used for a given criterion variable. Consequently, each multiple 
correlation (R) is based on an N equal to the lowest N of any of the individual 
correlations used in its computation. A further reduction of the N was necessary 
in the present instance where data were missing. 

Using only those WOCs for whom complete data were available, that 
is, Ns determined in the manner described above, the Pearson £S were recom- 
puted. These recomputed rs then were used in the computation of multiple 
correlation coefficients between the predictor and criterion variables identified 
in Table 9. The recomputed Pearson £S and the multiple cotrrelation coefficients 
obtained when they were used are contained in Table 10. It should be noted that 
many of the recomputed rs are lower than the rs reported in' ^able 9. This is 
particularly noticeable in cases where the N changes from a Relatively high to 
a much lower value, for example, from 5 0 to as low as 21 in the case of Pre- 
dictor No. 11. In spite of this, however, the multiple correlation coefficients 
(corrected for shrinkage) in Table 10, which are as high as .57 for the Primary 
Phase checkride grade criterion, indicate substantial relationships do exist 
between performance on the captive helicopter training device, and subsequent 
performance in the training helicopter. 



Table 10 

Multiple Correlations Between Item and Flight Performance Criteria^ 



Criterion Variable 


N 


Predictor 
Variable 
Number 


Recomputed 
Pearson 


M*i]*.iple 
Correlation {R) 


Corrected 


Pre -Solo Phase 












Time to Checkride 


22 


10 


.55 


.70* 


.51 






41 


.52 










45 


-.40 










46 


-.38 










17 


.35 






Checkride Grade 


21 


10 


-.27 


.52 


.40 






11 


-.43 










50 


.33 










45 


.31 










47 


-.31 






Mean Daily Grade 


21 


45 


.63 


.67* 


.56 






41 


-.51 










10 


-.49 










49 


.42 






Primary Phase 












Time to Checkride 


21 


10 


.47 


.51 


.27 






41 


.36 










44 


-.36 










DO 


-.33 










(Continued) 







'One subject in Group B did not progress beyond maneuver 10a, and consequently was dropped from all 
multiple correlations involving Predictors 47-50* 
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Table 10 (Continued) 
Multiple Correlations Between Item and Flight Performance Criteria^ 



Criterion Variable 


N 


Predictor 
Variable 
Number 


Reeomputed 
Pears''n r 


Multfole 
Correlat:-)n (R) 


CorreeteH 


Checkride Grade 


44 


16 


-.39 


.63** 


.57* 






39 


-.38 










32 


-.33 










1 


-.26 










12 


-.34 






Mean Daily Grade 


22 


41 


-.40 


.63 


.46 






45 


.46 










10 


-.49 










33 


-.54 










il 


-.34 






Basic Pbase 












Time to Cbeckride 


21 


44 


-.43 


.66 


.37 






41 


.51 










50 


-.28 










10 


.46 










20 


.13 










32 


.14 










36 


.08 






Checkride Grade 


21 


41 


-.34 


.46 


.11 






18 


-.12 










43 


-.39 










50 


.36 






Mean Daily Grade 


22 


42 


-.40 


.50 


N/A 






45 


.44 










32 


-.29 










37 


-.05 










10 


-.35 










17 


-.24 







*** indicates p<. 01; * indicates p <,05. 
^Corrected for shrinkage. 



Although in the present case the data are insufficient for definitive 
statements about the true relationship existing between predictor and criterion 
performance, the results presented above suggest a promising area for further 
research with larger samples. 

Instructor Experience Level 

A secondary objective of this research was to determine whether instructors 
using devices such as the one used in this research should meet the same aero- 
nautical skill and experience requirements as flight instructors. The device 
instructor experience levels studied here are de? ribed in an earlier section of 
this report. The qualifications of the three instructors who participated in this 
research ranged from no aeronautical rating and only 15 hours of dual instruc- 
tion in a hf licopter to a fully qualified, highly experienced, rated helicopter 
instructor pilot. 
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Table 11 

Elimination by Device Instructor 
During Primary Flight Training 



Instructor 


Number 
Entering 

Flight 
Training 


Eliminations 


Total 


Flying 
Deficiency 


Other 


1 


18 


6 


4 


2 


2 


21 


1 


1 


0 


3 


21 


3 


1 


2 


Total 


60 


10 


6 


4 



Elimination From Flight Training 

The eliminations that 
occurred during flight training among 
the WOCs trained by each device 
instructor are reported in Table 11.' 
Fisher Exact Probability Tests were 
performed on these data, and none of 
the differences among instructors 
in number of eliminations for Flying 
Deficiency, Other, or Total reasons 
was statistically significant. 



Performance During Flight Training 



Instructor by Class by Training Condition (3 x3 x2) analyses of variance 
were performed on the nine flight performance variables (Time to Checkride, 
Daily Grades, and Checkride Grades for each phase of training). None of these 
analyses yielded significant F ratios for the Instructor variable or for the Train- 
ing Condition^ variable. 

For the Class variable, significant F ratios were found for the Pre- 
Solo and the Basic Phase Mean Daily Grade analyses. These significant F ratios 
reflect previously noted variations in flight training across classes and are 
unrelated to the device instructor experience level or the experimental device 
training under consideration. 



DISCUSSION 

Training Value 

A primary objective of this research was to determine the training value 
of a captive helicopter device in Army rotary wing contact flight training. It 
was found that the device could lead to improved trainee performance during 
subsequent flight training. The most important improvement that occurred dur- 
ing this research was the two-thirds reduction in eliminations due to flying 
deficiency. There were no significant differences between experimental and 
control groups, after the first solo flight, on any of the flight performance meas- 
ures cited. Thus, the experimental and control students were of equivalent 
flight proficiency. The reduction in elimination rate from 3 0% to 10%, without 
lowering the quality of course graduates, has considerable practical significance 
in a course that graduates more than 500 aviators per month. 

Previous research by Fleishman (7) indicated that the factorial structure 
of complex psychomotor skills performance may change markedly as a function 
of level of training and proficiency.. At the early stages of learning, factors 
such as reaction time and general psychomotor coordination are relatively 
important, whereas at later stages these factors decline in importance, and 
other factors more specific to the given task emerge as important. In view of 

'Only Group A and Croup B WOCs were involved in this analysis. The Instructor variable did not apply 
to the control groups. 

'Only Groups A and B were involved in this analysis. 



20 



the fact that the performance of experimental WOCs on the training device 
indicated they were in the early stages of learning to control the device, it is 
likely that their performance depended on somewhat the same factors as would 
their early (Pre -Solo) flight performance on the helicopter. Also, the general 
elements of the device task were more like those of the early flight periods 
than tho.^e of the later portions of flight training. Thus, it is reasonable to 
expect the greatest differences between experimental and control WOCs to 
occur early in flight training. 

The number of eliminations, time to checkride, and grade data support these 
expectations. The only significant performance differences between experimental 
and control WOCs occurred during the Pre-Solo Phase when the gross skills 
involved in helicopter control are developed. The device-trained WOCs acquired 
the skills necessary to operate the helicopter safely in solo flight with signifi- 
cantly less inflight training than did the control WOCs. They also tended to per- 
form more satisfactorily while acquiring those skills, as reflected in their 
Pre-Solo Phase daily grades. 

The Pre-Solo checkride performance of the control WOCs was approximately 
equal to that of the experimentals, although the controls required an additional 
two hours to reach this level of proficiency. It is hypothesized that such a 
reduction in the time to solo could lead to further savings in a flight program 
designed to take advantage of individual rates of leaminp Although the Primary 
Helicopter School waived the usual experience requiremc^ s for checkrides for 
the specific classes involved in this study/ post-experiment interviews with 
instructors and flight commanders indicated that the waiver tended to be dis- 
regarded by training supervisors. The possibilities of reduced Primary heli-^ 
copter flight training time through preflight device training, where advancement 
in flight training is based on individual proficiency rather than a combination 
of proficiency and experience, merit investigation. 

The lack of significant differences between Groups A and B on any of the 
flight training performance measures is also of interest. Although only 3 V4 
hours of device training were given to Group A WOCs, it probably enabled some 
of those who would not otherwise have been successful to complete flight training. 
The practical import of this result is great because, like flight training, device 
training is expensive. Amounts of device training of fewer than 3 V4 hours 
mighi be investigated. 

The synthetic training device under consideration— in fact, a light helicopter 
operating in a captive mode— is rather unlike other synthetic trainers used in 
earlier studies on transfer of flight training, such as the 12BK Landing Trainer 
and the C-3 Link Trainer (2). Comparatively, it is much more like the light 
aircraft used in some Air Force and Naval ROTC pre-primary flight training 
programs. In one evaluation of the light aircraft as a pre-primary flight train- 
ing device (8, S) results similar to those reported here were obtained. The 
students trained on light aircraft experienced a lower flight attrition rate than 
the control students, and they were superior to the controls on measures of 
performance that occurred during earlier periods of primary flight training. 
After the 18 -hour flight check, however, no statistically significant differences 
were found between the flight performance of the light -aircraft-trained and the 
control groups. It would appear that the training received by the experimental 
WOCs in the present study is of similar value, in terms of subsequent flight 

^Pre-Solo not before 10 hours^ Primary not before 50 hours> Basic not before 75 hours at the time this 
study was conducted. 
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performance, to that received by Air Force and Navy students in light fixed 
wing aircraft. 

The present research did not attempt to investigate the cause of the results 
obtained. The reader may attribute the transfer of training that occurred to a 
variety of factors, including the Hawthorne Effect* The influence of that par- 
ticular factor, however, is believed to be relatively minor because of the manner 
in which Group C was treated. Also, the transfer of training portion of this 
study was replicated (with minor variations) during a user test conducted by 
USAPHS personnel, and essentially the same results were obtained (10). The 
similarity of the device and the helicopter used during subsequent flight training 
obviously is an important factor, but similarity alone cannot account for the 
reduction in flight attrition that occurred. An additional 3 V4 hours of training 
in the training helicopter itself does not result in a similar reduction in flight 
attrition. The training received on the device would appear to be qualitatively 
different from that which can be obtained in a free-flying helicopter. 

One factor that appeared relevant to the results obtained was the opportunity 
provided the trainee to develop confidence in his ability to succeed in a situation 
very similar to that which he later encountered in the training aircraft. The 
dtwice used in this research is in every respect a real helicopter, operating in 
the real world, and requiring the development of real-world skills to control it. 
It provides a safe opportunity for the trainee to develop the situational confi- 
dence hypothesized by Kern (11) to be important in the performance of tasks 
involving complex skills* 

Another factor of possible relevance to the results obtained is that the 
present device provides a situation in which the trainee is able— safely— to make_ 
errors of a magnitude that could not be tolerated in a free-flying helicopter. A 
characteristic of early stages in the learning of psychomotor skills is over- 
controL The traineie typically makes gross errors; when the task to be learned 
is to fly a helicopter, the instructor pilot must take vehicle control away from 
the trainee whenever a gross error occurs in order not to endanger the helicopter 
and the personnel on board* As a result, the trainee is relieved of control a 
large proportion of the time during initial training periods. Often he is relieved 
of control before he has perceived that a control error has been committed. 

In the present device, however, the instructor is physically removed from 
the helicopter and cannot take control away from the trainee. As a result, the 
trainee not only is exposed to the results of any improper control input (within 
the limits of movement of the device), but also is required to counter that input 
in order to return the helicopter to a normal attitude* Thus, he receives train- 
ing in tiiis particular type of device that may be superior to that which he can 
safely receive in the training helicopter. Research concerning the relevance 
of these and other factors to the results obtained from the use of such training 
equipment was outside the scope of the present research, but such studies 
would be highly desirable* 

Prediction 

The second objective of this research, to determine whether performance 
on the training device could be used to predict performance during subsequent 
flight training, was predicated on the assumption that it would be desirable to 
identify WOCs whose probability of successfully completing flight training was 

*The Hawthorne Effect is a temporary improvement in performance which results from the knowledge 
that one is being treated differently from others and is being observed. 
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low. They might then be given special attention or be eliminated from flight 
training as early as possible. This objective was appropriate for consideration 
prior to the conduct of this research when the expected attrition rate was 30% 
or greater. The objective became less appropriate for consideration when it 
was found that the use of the device resulted in a two-thirds reduction in attri- 
tion. Based on the transfer of training data above, it is possible to predict that 
students who receive such device training probably will succeed at subsequent 
flight training. 

Even though prediction of failure was not appropriate from the present data, 
prediction of flight performance on the other nine flight criteria was possible. 
The estimated relationship between the predictors and the flight performance 
criterion variables may be considered quite high. The use of multiple correla- 
tions in this investigation was intended only to illustrate the fact that substantial 
relationships may exist between trainee performance in the device and in the 
training helicopter. 

Attempts to predict student performance during flight training, particularly 
passing performance, on the basis of preflight test performance have a long 
history (12). The largest single program associated with the development of 
pilot selection tests has been that of the U.S. Air Force. In that program corre- 
lation coefficients as high as .45 have been obtained with an individual predictor 
test, the Complex Coordination Test, and multiple correlations as high as .70 
have been obtained between a battery of written and psychomotor tests and pass- 
fail criteria (7). Siniilar results have been achieved by the U.S. Navy (13). 

The results of the present study suggest that a helicopter pilot selection 
test that incorporates measures of performance on a captive helicopter device 
would compare favorably with the selection procedures developed by the Air 
Force and Navy for selecting fixed wing aviators* A device such as that used 
in this study could also be used as a secondary selection tool to identify (for 
early elimination) trainees whose probability of success during flight training 
was low. 

The Air Force and Navy pilot selection tests were developed for the selec- 
tion of fixed wing rather than rotary wing aviators. The Army has based its 
fixed wing pilot selection battery on the Air Force tests. Tests developed by 
other services for the selection of fixed wing trainees, however, have been 
unsatisfactory for the selection of Army rotary wing trainees (14). Multiple 
correlations as high as .54 are found between present specially developed Army 
rotary wing pilot selection tests and successful completion of helicopter train- 
ing (3).* It would appear that measures of performance on the device used in 
the present research could be expected to increase the predictive efficiency 
of Army rotary wing pilot selection procedures*^ Or, as a secondary selection 
test after WOCs have arrived at USAPHS for helicopter training, appropriate 
use of such a device might make possible earlier elimination of inept trainees 
from the flight training program. 

The similarity of the captive helicopter training device concept to the con- 
cept of using a light aircraft us a training device prior to actual flight training 

*At the time of the research reported here, an interim rotary wing selection battery, ARWAB-1, was 
administered to all applicants for the WORWAC It was being used in a selection Research program conducted 
by the Behavioral Sciences Research Laboratory rather than as a selection device, however, and it was not 
a factor in the qualification of applicants for the WORWAC. 

'No attempt was made to incorporate measures of performance on the device studied here into the 
WORWAC selection procedures. Such an attempt was outside the scope of the present investigation. 



has been noted earlier in this report. Evaluations of performance during such 
light plane training also have been correlated with subsequent success at flight 
training in ttempts to increase the efficiency of pilot selection techniques. In 
one such study (15), checkpilot reports of student error scores after about 
15 hours of light plane training correlated ,45 with success— passing— in a sub- 
sequent Air Force pilot training program. 

In addition to the prediction of passing or failing during subsequent flight 
training, the light plane studies also attempted to predict relative performance 
within the "pass" category. Correlations up to .46 were obtained between meas- 
ures of performance in the light plane and measures of performance during 
subsequent flight training. Although measures obtamed as early as the fifth 
hour of light plane training showed appreciable validity in those studies, meas- 
ures obtained during the 15th and 25th hours allowed more accurate prediction 
of performance in Primary and Basic flight training (15). Such Air Force data 
suggest the possibility that higher correlations might be obtained between per- 
formance on the captive helicopter device and subsequent helicopter flight train- 
ing when the device training is extended beyond the 7^4 hours administered in 
the present study* The economic gains resulting from any increased predictive 
efficiency, however, probably would not justify the cost of the extended 
device training. 

Generally, it would appear that the synthetic device used in this research 
has a potential value as a predictor of flight training performance equal to or 
exceeding that of apparatus test performances or light plane performances 
studied in previous attempts to predict flight training performance. Used in 
connection with other selection techniques, it may be expected to improve both 
the prediction of success at flight training and the prediction of relative per- 
formance among students who are successful at flight training. 

Instructor Experience Level 

\rmy, in the past, has taken advantage of the relative simplicity of its 
synth. flight training equipment and has used non- pilot -rated personnel to 
provide synthetic flight instruction. Other services and commercial airlines 
have been using relatively more complex equipment, and, with increasing fre- 
quency, they are requiring that their device instructors be rated or formerly 
rated pilots. The device concepts studied in this research are as complex as 
those incorporated in any training devices, when complexity is defined as the 
extent to which the synthesized task corresponds to ti:e real-world task. What 
then are the instructor skill or experience requirements for personnel using 
devices of the type studied here? 

The answer to this question, in the present instance, was that the device 
instructor need not be a fli^t instructor or even a rated pilot. All groups of 
WOCs who participated in the synthetic device training phase of this research 
were equally proficient, in terms of the fli^t performance measures previously 
cited; yet only one-third of them received device training from a rated instruc- 
tor pilot. The requirement for any ,*^ype of aeronautical rating or aeronautical 
experience level per se would appeat to be unnecessary for instructors who will 
be employing similar devices. 

The results cited above should not be generalized to other types of synthetic 
trainers. The tasks being learned by WOCs in the present study were primarily 
psychomotor in nature, that is, the WOCs were learning to manipulate complex 
equipment. They were riot learning, for the most part, the other aspects of heli- 
copter flight, such as procedures involved in approaches, or time sharing 
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between psychomotor functions and inflight planning functions* Instructing in 
these aspects of helicopter flight might well lead to a requirement for highly 
skilled pilots, whereas instructing in the mechanics of device operation did not. 

All. three device instructors participating in this research, although not 
necessarily proficient operators of the training helicopter, were well versed in 
all other relevant aspects of helicopter flight, were highly motivated to teach 
the assigned WOCs how to operate the devices, and were committed to meeting 
the objectives of the research program. In fact, each device instructor had 
contributed to the development of the training being administered. It cannot be 
inferred from the results of this research that a lower level of instructing com- 
petence, familiarity with the training task, or motivation would have led to the 
same results. The only valid conclusion is that instructors used to administer 
training on devices of the type involved in this research need not be required 
to have aeronautical ratings or experience per se; they may be trained as device 
instructors only. 
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Diagram of Training Rectangle 

-50' 



80 X 100-yard concrete apron near the flight line at USAPHS, Each area was 
approximately 60 x 100 feet in size and was marked as is illustrated in Figure A-1 
and described below. An instructor and an assistant instructor were assigned 
to each area. 

Each rectangle was 
bordered on al] sides 
by a series of 4 Va- 
inch wide stripes (see 
inset. Figure A- 1). The 
center stripe was used 
as the "flight path" for 
the tracking maneuvers 
described below. Except 
for the tracking maneu- 
vers, all training took 
place within the rec- 
tangles. Four tie-downs 
were available 30 feet 
from the center of each 
rectangle, as indicated 
in Figure- A-1. Only 
two opposing tie-downs 
were 'used during a 
given training period; 




-100- 



Figure A-1 



the selection of tie-downs to be used was determined by wind direction. Nylon 
tethers 26 feet long were attached to opposing outriggers on the GEM platform 
of the device and were fastened to the two tie -downs in use. This allowed the 
captive helicopter training device to move approximately 5 V2 feet laterally and 
12 feet rearward-forward from the center of the rectangle. 

Description of the Training Programs 

General Considerations 

The training programs consisted of practice of the tasks or maneuvers 
described below. The amount of practice received by each group consisted of 
means of approximately 3 'A hours for Group A and 7 'A hours for Group B. 
The orientation session was not included in the training times, nor were times 
required for briefings and debriefings given by the instructors when the devices 
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Practice on a particular maneuver was independent of scheduling, 
except that the first training session began with Maneuver 1 as described below. 
All subsequent training sessions began at the point in training where the pre- 
ceding session ended, and this point more often was in the course of a maneuver 
rather than between maneuvers^ No "warm-up" periods were provided at the 
beginning of any session. The interrupted training maneuvers were begun by 
reminding the WOC of the requirements of the particular maneuver he was to 
perform, and he immediately began where he had left off. 

Orientation for Groups A, B, and C' 

On the day preceding the start of the experimental training for each 
WORWAC class involved in this study, the randomly selected experimental and 
control WOCs were assembled at the training site for a briefing on the objec- 
tives of the research and a demonstration of the Whirlymite Helicopter Trainer. 
At that time, two mimeographed handouts were distributed, which the WOCs 
were instructed to study before their first training period.* The first of these, 
entitled " Helicopter Controls and Their Use on the Whirlymite Helicopter 
Trainer ," was a general introduction to the use and effects of helicopter control 
with particular application to the device under study. The second handout, 
" Primary Hovering Maneuvers for the Whirlymite Helicopter Trainer ," described 
in detail the maneuvers: takeoff and landing, hovering over a spot, hovering 
forward, backward, and lateral flight, and left and right hovering turns. 

After the briefing and a short flight demonstration of the trainer by a 
research staff member, the V/OCs were divided into three groups of approxi- 
mately equal size (without respect to experimental or control group assignment), 
and each group assembled around one of three trainers. An instructor then 
explained the mechanics of the device. The orientation program ended with an 
informal question and answer period. 

Device Familiarization for Groups A and B 

At the first training session, each WOC was introduced to his instruc- 
tor and assistant instructor and taken to his training area. He was seated on 

*A11 99 WOCs in Groups A, B, and C were given the orientation portion of the training. TTicy were told 
how they were selected to participate in the study, but they were not inform"' ' ^heir group assignments 
until the following day. WOCs in Group C \ of course, were not included. 

^Copies of both handouts may be obtained from the HumRRO Division V Aviation) library. 
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ing some lift into the rotor blades^ activate the pedal controls, A series of 
pedal commands followed, in the order left, right, left, ri^t, left, again given to 
ascertain proper radio contact and to demonstrate the action of the pedal controls. 
No data were recorded during this manewer. 

A WOC*s progress through the remainder of the training program 
was determined by his own proficiency* As he met the criterion of performance 
for a given maneuver, he went on to the next maneuver* Two types of criteria 
were utilized: performance at a predetermined, objectively evaluated skill level 
(Maneuvers 2, 3, 4, 5, 6, 9a, and 10a); and number of trials performed (Maneu- 
vers 7, 8, 9b, and 10b)* In the case of Maneuver 5, however, the requirement to 
perform at a particular skill level was waived for any WOC not meeting the 
criterion within 20 trials* In such cases, the number of trials performed— 20— 
became the criterion* 

Device Training for Group A 

The seven device training maneuvers performed by Group A WOCs are 
described below* Along with each description, the specific data collected during 
the training are indicated* All data collection was performed by the assistant 
instructor. The function of the instructor during the training sessions was to 
instruct* The device was tethered, and the emergency cutoff cable, operated by_ 
the assistant instructor, was attachedatall times during Maneuvers 1 through 5, 

Maneuver 2; 60-Second Hover . To accomplish this maneuver, the 
WOC was allowed an unlimited number of trials to hover the helicopter above 
the ground effects machine platform for a 60-second period* The instructor 
maintained constant radio contact with him, giving control instructions as needed* 
Each trial began when all four pads of the helicopter-left the platform and ended 
when one or more pads touched down on the platform* If the WOC completely 
lost control of the device, the assistant instructor activated an emergency cutoff 
switch, causing the helicopter engine to stop and the helicopter to settle back on 
the GEM platform* The assistant instructor timed each trial, and, when the 
criterion of a 60- second trial was reached, recorded the nrmber of trials 
required to reach criterion performance and the elapsed training time since the 
beginning of the first training session, that is, since the start of Maneuver 1. 
- All WOCs were required to meet the 60 -second hover criterion before going on 
to the next maneuver* 

^The text of the standardized instructions may be obtained from the HumRRO Division No. 6 " 

(Aviation) library* 
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Maneuver 3; Tethered Turns. The criterion for this maneuver was 
performance of a 360"* turn, a 180"* turn, a 90° turn, and a 720° turn, in that 
order, while remaining at a hovering altitude, that is, without running the trainer 
up against the built-in stops governing freedom of* movement in an upward 
direction (indicated to the instructor by a signal light mounted above the gas tank), 
or contacting the platform. With reduced pressure on the platform, the WOC 
was instructed to "follow the instructor" as he paced off a 90° arc, first to the 
student's left, then bpck to the right. This was done to demonstrate the desired 
rate of turn. The otadent was then instructed to hover the device and make a 
360° turn to the left. If successful, he went on to 180°, 90°, and 720° turns. If 
unsuccessful, he continued to make alternating left and right 360° or 180° or 
90° or 720° turns until the criterion for each turn was met. The assistant 
instructor recorded the elapsed training time since meeting the criterion for 
the preceding maneuver. All WOCs were required to meet the tethered turns 
criterion before proceeding to the next maneuver. 

Maneuver 4; Slack Huver . A slack hover was defined as a hover 
60 seconds long in wjiich neither of the restraining tethers became taut* A 
criterion of two consecutive slack hovers was required before proceeding to 
the next maneuver. At the completion of the first successfv'' trial, the student 
was directed to land from a hover and then to take the device back to a hover 
for a second 60-second period while maintaining slack in the tethers* Each 
trial began when the captive helicopter left the platform and ended when (a) one 
or both tethers became taut, (b) one or more pads touched the platform, or 
(c) 60 seconds had elapsed. When the criterion for this maneuver vas reached, 
the elapsed training time since meeting the criterion for the prece'^ing maneuve^^ 
was recorded. All WOGs were required to meet the slack hover criterion 
before proceeding to the next maneuver. 

Maneuvers; Slack Turns. A slack turn was defined as a 360° turn, 
made at a rate of approximately 15° per second, in which neither of the restrain- 
ing tethers became taut. The WOC was instructed io establish a hover, head the 
device toward the instructor, check for slack in the safety tethers, and then make 
a 360° turn at the rate demonstrated during Maneuver 3,- maintaining slack 
throughout the turn. The assistant instructor timed each turn and noted the 
presence or absence of slack in the two restraining tethers. After each unsuc- 
cessful trial the student was informed of his relative turn rate and tether slack 
condition. This procedure was continued until the WOC made a slack turn within 
22-26 seconds or until 20 trials of alternating left and right turns had been com- 
pleted. Upon reaching the criterion, or after 20 unsuccessful trials, the elapsed 
training time since the slack hover criterion had been met was recorded, and 
the WOC proceeded to the next maneuver. 

Maneuver 6; Rectangular Tracking With Tether . For this maneuver, 
one tether was completely removed. The instructor hand- carried the other 
while the assistant instructor carried the safety cutoff cable* The WOC was 
required to traverse one side of the rectangle (see Figure A-1) in each of four 
directions of movement— forward, backward, laterally to the left, and laterally 
to the right. Along each side he was given a "stop" command via the radio and 
was required to bring the device to a stationary position within a ground dis- 
tance of approximately six feet. At the end of each side, he was required to come 
to a stop without running over the border c/ the rectangle. 

The relative position of the "stop-on-signal" commands was 
varied along each side to prevent anticipatory rtr^oonses. For each side 
of the rectangle, or trial, the assistant instructor recorded as satisfactory or 
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unsatisfactory the WOC's responses to the rtop- on- signal command and the 
stop-at-end requirement. The WOC was required to have one satisfactory trial 
in each direction of movement to meet the criterion. Upon successful comple- 
tion of this maneuver, the safety cutoff cable and the remaining tether were 
removed, and the WOC was ready to "solo" the device. The elapsed time since 
meeting the criterion for the preceding maneuver was recorded. All subsequent 
maneuvers were performed without tethers or emergency cutoff calble attached 
to the device. 

Maneuver?: Rectangular Tracking . In this maneuver, the WOC again 
tracked around the border of the training area shown in Figure A-1. He was 
instructed that the 4 Vz-inch wide center stripe was the proper "flight path, " 
and this line was to be centered under the trainer, that is, under the seat of his 
pants. He tracked completely around the rectangle in each of the four direc- 
tions of movement in turn: forward, backward, laterally to the left, and laterally 
to the right. 

The data recorded by the assistant instructor during the rectan- 
gular tracking maneuver consisted of the number of times per side of the 
rectangle that the WOC deviated from the flight path and the cumulative time 
per side that he remained off the flight path. The WOC was judged to be off 
the flight path whenever a reference plumb suspended beneath the seat of 
the trainer moved away from the 4 Vz-inch center stripe. In order to keep 
time per trial constant for all WOCs, the instructor walked parallel to the 
flight path at a rate of approximately 100 feet per 35 seconds and instructed the 
WOC to keep abreast of him at all times. At each corner cf the rectangle 
the trainer was siopped and realigned as necessary before starting down the 
next side. 

There was no criterion for this maneuver. It and Maneuver 8, 
Precision Turns, were practiced alternately by Group A WOCs throughout the 
remainder of their approximately 3 V4 hours of device training. 

Maneuver 8; Precision Turns . This maneuver consisted of a series 
of 11 left and 11 right 360^ turns, in an alternating LRLR sequence, and at a 
prescribed constant rate of 15^ per second. The assistant instructor recorded 
the time. of each 180^. of each turn, and the instructor provided verbal feedback 
concerning the rate of turn and its constancy to the WOC. 

There was no criterion for this maneuver, and Group A WOCs con- 
tinued to practice it alternately with Maneuver 7 for the remainder of their 
approximately 3 V4 hours of device training. 

Device Training for Group B 

The first approximately 3 V4 hours of training on the captive helicopter 
device received by Group B was identical to that received by Group A. In addi- 
tion, any Group B WOC who had not completed Maneuvers 1 through 6 and had 
not performed Maneuvers? and 8 at least onetime each prior to having received 
3 /4 hours of training was given training identical to that of Group A until he 
had done so. Upon completion of approximately 3 V4 hours of training and hav- 
ing performed Maneuvers 7 and 8 at least one time each, members of Group B 
began practicing an abbreviated form of these' latter two maneuvers. The 
abbreviated form of Maneuver 7 consisted of tracking one long and one short 
side of the rectangle in each of the four directions instead of all four sides. The 
abbreviated form of Maneuver 8 consisted of a series of five left and five right 
360^ turns instead of 10 of each. The procedures and the data collected on these 
abbreviated maneuvers, however, remained the same. 
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In addition to these two maneuvers, Group B WOCs performed two 
additional two-part maneuvers (9 and 10) not performed by Group A WOCs. 
These maneuvers were performed alternately with Maneuvers 7 and 8. This 
procedure continued until Group B WOCs had received approximately 7 V4 hours 
of training, at which point the device training program for Group B was terminated. 

Maneuvers 9 



14'lnch Hoop With lO-lnch Reducing Ring 
Mounted on the Synthetic Device 




Figure A-2 

ring of 10-inch diameter, was mounted 
on the instrument pedestal of the 
helicopter portion of the device as 
shown in Figure A-2. At the bottom 
center of the hoop a metal rod pro- 
trudes 2V2 inches in front of and 
perpendicular to the 14-inch hoop. 
This rod served as a "pointer" dur- 
ing Maneuver 9; the 14- inch hoop and 
the 10 -inch reducing rings were used 
in Maneuver 10. Both the pointer 
and the hoop with its reducing ring 
were used in conjunction with a roll- 
about stand. 

The roll- about stand, which 
is showri in Figure A-3, was con- 
structed of 2 X 4-inch lumber, a 1- 
inch aluminum tube, a flexible 30- 
inch radio antenna, and rubber casters. 
Half-inch colored plastic tape was 
used to mark off a 6 -inch segment of 
the upright tube. The center of the 



and 10 involved an appa- 
ratus designed and con- 
structed specifically for 
the present research 
program. It served two 
purposes: (a) the appa- 
ratus provided a task 
requiring a more highly 
developed level of device 
control skill than was 
required otherwise, 
and (b) it enabled the 
researcher to measure 
more accurately the dif- 
ferences in performance 
of WOCs during the latter 
stages of their training 
on the device. This appa- 
ratus is pictured in 
Figures A-2 and A-3 
and is described below. 

A metal hoop 14 
inches in diameter, with 
a removable reducing 



RolUAbout Stand 





Figure A-3 
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segment was at a medium hovering height above the ground for the device. Cen- 
tered within the 6 -inch segment of the tube was a 4 -inch segment marked 
off by plastic tape of another color, A 6-volt dry cell battery was mounted at 
the base of the stand (not visible in Figure A-3), and one pole of the battery was 
wired to the flexible antenna. An electromechanical digital counter was placed 
in the circuit between the battery and the antenna. (The second pole was wired 
to the 14-inch hoop during Maneuver 10). 

Maneuver 9a: 6^Inch Altitude Control . This maneuver involved the 
pointing rod at the bottom of the 14-inch hoop and the 6-inch segment marked 
off on the upright pole attached to the roll-about stand. The stand was placed 
in front of the device, and the WOC was instructed to hover the helicopter so 
that the pointer remained within the 6 -inch altitude range indicated on the rod, 
as shown in Figure A-4. 

The WOC was given seven P^e^i^io" Altitude Control (Maneuver 9) 
trials of 3Q,seconds dura- 
tion. The criterion for 
this maneuver was main- 
taining the pointer 
between the specified 
altitude limits for 25 
seconds out of the 30- 
second trial for three 
consecutive trials.. The 
assistant instructor timed 
each trial, and, sighting 
over the 2x4 upright on 
the opposite end of the 
stand, he recorded the 
time v/ithin the 6 -inch 
tolerance for each trial. 
Upon reaching the cri- 
terion of hovering within 
the 6 -inch altitude range 
for 25 out of 30 seconds 
for three consecutive 
trials, the WOC pro- 
ceeded to Maneuver 9b 
and did not return to Maneuver 9a at a later time. If he failed to reach criterion 
performance, he proce ded to Maneuver 10 and returned to Maneuver 9a for up 
to seven more trials immediately following his next performance of Maneuver 8. 

Maneuver 9b; 4-Inch Altitude Control . This maneuver was identical 
to Maneuver 9a, except that the altitude tolerance was reduced to four inches 
instead of six, that is, the tapes on the upright- tube denoting the 4-inch alti- 
tude range constituted the upper and lower tolerances of altitude for this 
maneuver. There was no criterion. The WOC continued to practice this maneuver, 
after each performance of Maneuver 8, until his device training was terminated 
at approximately the 7 V4 -hour level. The assistant instructor recorded the 
time that the pointer remained within the 4-inch altitude range during each of 
the seven 30-second trials that constituted the maneuver. 

Maneuver 10a; 14 -Inch Hoop . For this maneuver, the 10-inch reducing 
ring was removed from the hoop mounted on the device, and a lead from the 
battery mounted on the roll-about stand was attached to the rim of the hoop. 




Figure A-4 
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Thus, any time the antenna mounted on the stand contacted the hoop, the circuit 
was completed, and the electromechanical counter registered the contact. 

The task of the WOC during this maneuver was to bring the device 
to a hover, "fly" up to the stand so that the antenna was inserted inside the hoop, 
and remain in that position until 60 seconds had elapsed, as shown in Figure A-5. 
A trial consisted of 60 seconds during which the antenna was inside the hoop. In 
cases where the WOC was unable to maintain this condition for 60 consecutive 
seconds, the time the antenna was in the hoop was accumulated until the full 
60 seconds had been reached. The maneuver consisted of five trials, and the 
assistant instructor recorded the number of contacts, as indicated by the electro- 
mechanical counter, at the end of each trial. 

The criterion for this maneuver was five contacts or less during 
a 60-second trial. Upon reaching this criterion, the WOC proceeded to Maneu- 
ver 10b and did not return to Maneuver 10a at a later time.^ If he failed to reach 
criterion performance withiii the five trials which constituted the maneuver, he 
returned to Maneuver 7 and repeated Maneuver 10a for up-tcr-five-m ore-trials 
immediately following his next performance of Maneuver 9b (or of Maneuver 9a 
if he continued to fail to reach criterion performance on that maneuver). 

Maneuver 10b: 10-Inch Hoop . This maneuver was identical to Maneu- 
ver 10a, except that the 10-inch reducing ring was placed inside the 14-inch hoop, 
and the WOC was required to keep the antenna within this smaller hoop. There 
was no criterion for Maneuver 10b. The WOC continued to practice this maneuver, 
after each performance of Maneuver 9a or 9b, until his device training was 
terminated at the 7 V4 -hour level. The assistant instructor recorded the number 
of contacts, as indicated by the electromechanical counter, at the end of each 
of the five trials that constituted this maneuver.^ 



Precision Hovering {Maneuver 10} 




Figure A-5 



38 



Appendix B 



TABLES FOR IDENTIFICATION AND DERIVATION 
OF PREDICTOR VARIABLES AND 
THE INTERCORRELATION OF PREDICTOR VARIABLES 
AND OF CRITERION VARIABLES 



Table B-1 



Identification of Device Training Maneuver 
From Which Predictor Variables 
Were Derived 



Maneuver 


Predictor 
Variable Number 


Number 


Name 


1 


Device familiarization 


None 


2 


Sixty-second hover 


land 2 


3 


Tethered turns 


3 and 4 


4 


Slack hover 


Sand 6 


5 


Slack turns 


7 and 8 


6 


Tracking with tether 


9 - 12 


7 


Rectangular tracking 


13 - 28 


8 


Precision turns 


29 - 40 


9a 


Six-inch altitude control 


46 and 47 


9b 


Four-inch altitude control 


48-50 


10a 


Fourteen-inch hoop 


41 and 42 


iOb 


Ten-inch hoop 


43 - 45 
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Appendix C 



PEARSON CORRELATION COEFFICIENTS BETWEEN 
DEVICE MEASURES AND NINE FLIGHT PERFORMANCE CRITERIA 



Predictor 
Variable 
Number 




Pre-Solo 


Primary 


Basic 


N 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


1 


50 


.32* 


-.37* 


-.42* 


.31* 


-.30* 


-.39* 


.03 


-.18 


-.36* 


2 


49 


.17 


-.18 


-.37* 


.21 


-.09 


-.28 


-.11 


-.18 


-.18 


3 


49 


.12 


-.06 


-.30* 


-.01 


.07 


-.10 


-.16 


.05 


-.23 


4 


49 


.34* 


-.36* 


-.48* 


.24* 


-.17 


-.41* 


-.04' 


-.09 


-.40* 


5 


50 


.37* 


-.46* 


.34* 


.32* 


-.19 


-.27 


.18 


-.30* 


-.23 


6 


50 


.50* 


-.52* 


-.52* 


.36* 


-.26 


-.47* 


.09 


-.19 


-.40* 


t 


48 


.06 


.00 


.03 


.09 


.19 


.00 


.05 


.06 


-.07 


8 


48 


154* 


-.43* 


-.48* 


.42* 


-.20 


-.33* 


.20 


-.29* 


-.38* 


9 


47 


.34* 


-.20 


-.32* 


.13 


-.20 


-.25 


-.14 


-.13 


-.06 


10 


48 


.60* 


-.50* 


-.53* 


.44* 


-.24 


-.42* 


.24 


-.32* 


-.38* 


11 


50 


.20 


' -.36* 


-.23 


.15 


-.03 


-.34* 


-.12 


-.07 


-.10 


12 


48 


.33* 


-.26 


-.29* 


.19 


-.29* 


-.26 


-.07 


-.12 


-.09 


13 


45 


.18 


.01 


-.14 


-.02 


-.23 


.04 


.10 


-.14 


-.23 


14 


45 


.15 


.06 


-.10 ' 


-.01 


-.17 


.04 


.15 


-.33* 


-.23 


15 


45 


.14 


.00 


.08 


-.02 


-.24 


-.02 


.16 


-.33* 


-.24 


16 


45 


.01 


.08 


-.02 


.13 


-.38* 


.07 


.15 


-.28 


-.19 


17 


45 


.34* 


-.16 


-.31* 


.07 


-.36* 


-.12 


.14 


-.38* 


-.38* 


18 


45 


.17 


-.08 


-..28 


.09 


-.26 


-.12 


.16 


-.43* 


-.37* 


19 


45 


.21 


-.09 


-.06 


-.02 


-.20 


-.17 


.19 


-.39* 


-.34* 


20 


45 


.15 


.03 


-.02 


.10 


-.30* 


.00 


.23 


-.21 


-.09 


21 


45 


.17 


.06 


-.03 


-.09 


.01 


.05 


-.09 


.01 


-.02 


22 


45 


.12 


-.12 


.07 


.00 


.05 


-.14 


.00 


.11 


.02 


23 


45 


-.10 


-.08 


.00 


-.13 


.03 


-.04 


.16 


.00 


-.07 


24 


45 


.16 


-.31* 


-.11 


.12 


-.10 


-.25 


.03 


.03 


-.15 


25 


45 


.26 


-.16 


-.14 


.02 


-.19 


-.12 


.06 


-.06 


-.15 


26 


45 


.15 


-.08 


.05 


.06 


-.05 


-.15 


.10 


.14 


.00 


27 


44 


.14 


-.26 


-.17 


-.08 


-.05 


-. 14 


.13 


-.08 


-.18 


28 


45 


.12 


-.28 


-.13 


.02 


.03 


-.17 


-.06 


-.02 


-.25 


29 


44 


.02 


.02 


-.07 


-.05 


-.22 


.00 


.12 


-.14 


-.23 


30 


44 


.11 


-.12 


-.16 


-.08 


-.22 


-.35* 


-.01 


.15 


— .* / 


31 


44 


.03 


.14 


-.02 


.03 


-.28 


-.14 


.20 


-.02 


-.06 


32 


44 


.24 


-.20 


-.30* 


-.20 


-.33* 


-.22 


.22 


-.17 


-.41* 


33 


44 


.19 


-.29 


-.34* 


-.15 


-.29 


-.37* 


.02 


-.14 


-.32* 


34 


43 


.16 


-.13 


-.19 


-.19 


-.27 


-.17 


.17 


-.25 


-.26 


35 


44 


-.01 


.02 


-.21 


.17 


-.31* 


-.05 


.16 


-.06 


-.22 


36 


44 


.14 


-.11 


-.13 


-.05 


-.30* 


-.10 


.22 


-.16 


-.28 


37 


44 


.04 


-.02 


-.24 


.06 


-.28 


-.05 


.07 


-.07 


-.41* 


38 


44 


.26 


-.20 


-.28 


.01 


-.23 


-.13 


-.01 


-.27 


-.28 
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Appendix C (Continued) 



Predictor 
Variable 
Number 




Pre-Solo 


Prim ary 


Basic 




Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
*irade 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


Time to 
Check- 
ride 


Check- 
ride 
Grade 


Mean 
Daily 
Grade 


39 


44 


.16 


-.18 


-.20 


-.09 


-.38* 


-.13 


.16 


-.32* 


-.30* 


40 


44 


.11 


-.09 


-.36* 


-.09 


-.20 


-.04 


.13 


-.24 


-.40* 


41 


23 


.46* 


-.28 


-.57* 


.35 


-.02 


-.46* 


.34 


-.48* 


-.29 


42 


23 


.30 


-.30 


-.51* 


.04 


-.02 


-.28 


.08 


-.38 


-.52* 


43 


22 


-.15 


.09 


-.21 


.22 


-.12 


.02 


.19 


-.42 


-.08 


44 


22 


-.16 


.27 


.44* 


-.34 


.23 


.36 


-.44* 


.36 


.19 


45 


22 


-.40 


.32 


.62* 


-.27 


.07 


.46* 


-.40 


.34 


.44* 


46 


23 


-.38 


.16 


.12 


-.04 


-.03 


-.11 


-. 10 


.06 


.09 


47 


23 


.13 


-.32 


-.01 


-.02 


.04 


.00 


.14 


-.19 


-.10 


48 


22 


-.19 


-.03 


.27 


-.15 


.10 ' 


-.19 


-.10 


.25 


-.12 


49 


22 


.00 


-.02 


.44* 


-.16 


.11 


.13 


.07 


.33 


-.02 


50 


22 


-.39 


.34 


.30 


-.33 


.14 


.27 


-.24 


.36 


,32 



^* indicates p < .05. 
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grades during early training* Trainees who performed well on the training device 
tended to perform well during subsequent flight training.^ Instructors using 
devices such as this one need not be proficient in the helicopter used for subse- 
quent flight training. 
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